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ABSTRACT: 

PURPOSE: To reduce estimation errors by storing the frequency correlation 
functions corresponding to a plurality of delayed profiles beforehand, 
obtaining the correlation coefficients of the receiving levels of the received 
radio waves having a plurality of frequencies, and obtaining the ftinction, 
which agrees most excellently, and the value of delay spread. 

CONSTITUTION: Radio waves in a plurality of frequencies are received with a 
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receiving antenna 1 . The receiving level at every frequency is measured with a 
field-strength measuring device 3. The data are sampled at a constant distance 
interval with the pulses from a vehicle-speed measuring device 4 and digitized. 
The data from an A/D converter 5 undergo processing in a shadowing removing 
device 6. The correlation coefficients of the receiving levels are obtained 
for all measured frequencies with a correlation-coefficient operating device 7. 
Correlation functions corresponding to a plurality of delay profiles are stored 
in a ROM 8 beforehand. The correlation function uses a delay spread as a 
parameter. A delay-spread computer 9 obtains the delay spread, where the error 
between the stored correlation function and the correlation coefficient of the 
receiving level becomes the minimum value. The delay spread is displayed on a 
display device 10 as the delay spread at this point. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the equipment which measures the propagation delay in 
radio. In radio, all the transmitted electric waves are not received by the direct receiving antenna, and 
since the electric wave 51 emitted from the antenna 50 of a base station reflects in a surrounding 
building 52 and surrounding crest 53 grade as shown in drawing 8 (a), it becomes a multiple wave and 
arrives at the receiving point 54. Although it is called propagation delay that the wave which was 
overdue in time with the multiple wave occurs, the communication link quality of radio deteriorates by 
the propagation delay. The language which it was rapidly talking and was spoken at the summit of the 
mountain catches this by the echo, and that of it is the same as that of a****** phenomenon. 
[0002] 

[Description of the Prior Art] In order to have asked for the delay spread used as evaluation of 
communication link quality from the correlation coefficient of two or more narrow-band waves, the 
following approaches were used conventionally. 

** One receiving antenna receives running the electric wave of the frequency from which the plurality 
transmitted from one transmitting antenna differs, and ask for the relation between a frequency 
difference as shown in drawing 9, and the correlation coefficient of receiving level (in this drawing, x 
mark shows measured value). 

** Ask for the delta frequency (frequency correlation bandwidth B) to which a correlation coefficient 
rho is set to 0.5 from these relation. 

** In order to ask for the delay spread S from the frequency correlation bandwidth B, ask for the delay 
spread S, assuming a delay profile to be an exponential function. The delay spread S in that case and the 
relation of the frequency correlation bandwidth B serve as "S= l/(2piB) of delay spreads." 
[0003] The delay profile under above-mentioned description is the arrival distribution map of a time 
electric wave which expressed with the axis of abscissa by the time delay, and expressed with received 
power the wave (delay wave) which has come behind time by the propagation delay as shown in 
drawin g 8 (b) to the axis of ordinate. Setting to this drawing, NL is LO and LI -LN about a noise level. 
About the receiving level of a delay wave, they are TO and TI -TN again. The relative time delay of a 
delay wave is shown. 

[0004] Moreover, delay SUPURETTO is the second moment of the propagation delay time defined by 
the evaluation value (1) type for expressing the amount of propagation delays quantitatively. If delay 
SUPURETTO becomes large, communication link quality will deteriorate. The received power of a 
delay wave is LO and LI. - LN LO The receiving relative time delay is Tl and -TN. Delay 
SUPURETTO in the case of being the becoming N wave is calculated by (1) type and (2) types. 
[Equation 1] 
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[0005] The technique indicated above is stated to the following reference 1 and 2 in detail, reference — 1 
[7 or Mitsuishi, Akeyama, Kinoshita, "frequency correlation property in city area propagation", 
Shingaku Giho, and AP79-1979] reference 2[A.A.M.Saleh, and and R.A.Valenzuela : "A statistical 
model for indoor multipath propagation", IEEE J.Select. Areas Commun., SAC-5, and No2 pp.128 
(Feb. 1987) ] 
[0006] 

[Problem(s) to be Solved by the Invention] In the above-mentioned reference 2, statistically, although it 
was said that a delay profile could be approximated with an exponential function, since not each delay 
profile was necessarily the number of characteristic products, it had the trouble said that a presumed 
error arises by the conventional presuming method which assumed the number of characteristic 
products. In view of such a conventional trouble, even if this invention is the case where a delay profile 
is not the number of characteristic products, it aims at realizing the propagation delay measuring device 
which can presume a delay spread with high degree of accuracy. 
[0007] 

[Means for Solving the Problem] According to this invention, the above-mentioned purpose is attained 
by the means indicated to said claim. Namely, the correlation function memory storage function which 
memorizes the mold of a frequency correlation function for which this invention is equipment which 
measures a propagation delay using receiving level correlation of a wave number electric wave two or 
more rounds by radio, and it asked beforehand corresponding to the mold of two or more delay profiles, 
The correlation detection function to ask for the received correlation coefficient of the receiving level of 
two or more round wave number electric wave. The value of a delay spread is changed about each of the 
mold of the above-mentioned frequency correlation function. It is the propagation delay measuring 
device which made the delay spread calculation function which computes the mold of the frequency 
correlation function which is best in agreement with the relation between the receiving level correlation 
coefficient obtained by measurement, and its delta frequency, and the value of a delay spread provide. 
[0008] 

[Function] Although the conventional method of presuming a delay spread from the correlation 
coefficient of receiving level which was mentioned above presumed the delay spread, having assumed 
the delay profile to be an exponential function, when a delay profile shifted from an exponential 
function and it became another function form, it had produced the presumed error by this approach. 
[0009] In this invention, the form of a delay profile is partly assumed besides an exponential function, 
and since he is trying for a presumed error not to increase even when a delay profile is a different 
function form from an exponential function by preparing the frequency correlation function of two or 
more patterns corresponding to the assumed delay profile in advance, and selecting the function which 
fits measured value most from the frequency correlation functions of these two or more patterns, the 
presumed precision of a delay spread can be raised. As shown in drawing 7 , an above-mentioned 
frequency correlation function is a function of the correlation coefficient of the receiving level to the 
frequency difference of different frequencies, and has the relation of the Fourier transform with a delay 
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profile. Especially the delta frequency from which a correlation coefficient is set to 0.5 is called 
frequency correlation bandwidth. This drawing shows the relation of the above delay profile, a delay 
spread, a frequency correlation fiinction, and frequency correlation bandwidth. A delay spread and 
frequency correlation bandwidth are numeric values which are related to the magnitude of a propagation 
delay. 
[0010] 

[Example] drawing in which drawing 1 shows the configuration of one example of this invention - it is 
1 - a receiving antenna and 2 - a common machine and 3 a field intensity meter and 4 — a vehicle 
speed measuring instrument and 5 - in a correlation coefficient computing element and 8, the frequency 
correlation fiinction ROM and 9 express a delay spread calculation machine, and, as for an A/D 
converter and 6, 10 expresses [ a shadowing removal machine and 7 ] the drop. Actuation of the 
equipment in the case of measuring by carrying the propagation delay measuring device of this example 
in an automobile below is explained. 

[001 1] ** Running the electric wave of the frequency from which the plurality transmitted from one 
transmitting antenna differs, one receiving antenna 1 receives and measure the receiving level for every 
frequency with a field intensity meter 3. The frequency to measure can be set up by key input and 
displays the frequency and its receiving level. 

** Sample the receiving level of an analog at intervals of fixed distance by A/D converter 5, and obtain 
digital data. In order to sample at intervals of fixed distance, the vehicle speed measuring instrument 4 
made to generate a pulse at intervals of fixed distance is used. 

[0012] ** remove the effect of shadowing (the effect of the shadow of a building etc. - receiving level - 
- being periodic (periods of hundreds of m) - it changes.) from the sampled data. The approach carries 
out the moving average of the data in fixed distance (for example, about Im) with the shadowing 
removal vessel 6, and deducts them from the data of a basis. Or the method of putting in a high-pass 
filter (HPF) is also in the preceding paragraph of an A/D converter. 

** Ask for the cross correlation function of receiving level about all the combination of two frequencies 
among the frequencies measured with the correlation coefficient computing element 7. 
[0013] ** The frequency correlation fiinction for which it asked from the function type of two or more 
delay profiles assumed beforehand is contained in the frequency correlation function ROM 8. The 
frequency correlation fiinction makes the delay spread the parameter. 

** The delay spread calculation machine 9 asks for the delay spread from which the standard deviation 
of the error of each frequency correlation fiinction memorized corresponding to the function type of 
each delay profile and the data obtained by ** serves as min for every frequency correlation function. 
Let the delay spread from which an error serves as min most in the delay spread of error min for which it 
asked for every frequency correlafion fiinction be the delay spread of the point. 
** Display the delay spread with a drop 10. 

[0014] drawing where drawing 2 explains the example of measurement by the propagation delay 
measuring device of this invention — it is ~ 11 — base station office ** and 12 — a transmitting antenna 
and 13 - a common machine and 14-1 to 14-3 — a transmitter and 15 ~ a measurement vehicle and 16 ~ 
a propagation delay measuring instrument, 17-1, and 17-2 — a building ~ expressing - ****-- fl, f2, 
and f3 Transmit frequencies are shown, respectively. [ moreover, ] Hereafter, it explains based on this 
drawing. 

[0015] ** Set up two or more round wave number (fl, f2, and f3) transmitted with the transmitter 14 of 

a base station so that each other delta-frequency deltaf may become about l-/(2piS) (MHz) extent (S 

(microsecond) is a delay spread assumed.). For example, a delta frequency will be set to about 80kHz if 

tiie delay spread assumed sets to 2 microseconds. The electric wave of a transmitter 14-1 to 14-3 is 

compounded with the common vessel 13, and it transmits with the transmitting antenna 12. 

** Reflect in a building 1 7-1 or 1 7-2 grade, and a propagation delay produces the transmitted electric 

wave. 

** Receive the electric wave from a base station, running by the measurement vehicle 15. The situation 
of receiving level and a trigger pulse is shown in drawing 3 . A of drawing 3 is the receiving level of 
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each frequency, and P shows the trigger pulse which is interlocked with a vehicle speed measuring 
instrument and outputted for every fixed mileage. 

[0016] ** Sample receiving level by the A/D converter based on the trigger pulse of a vehicle speed 
measuring instrument, and remove shadowing (a part for short section fluctuation) with a shadowing 
removal vessel. 

** Calculate a correlation coefficient for every delta fi-equency with a correlation coefficient computing 
element. Drawin g 4 is drawing showing the relation between a delta frequency and the measured 
correlation coefficient, and x mark shows measured value. 

** In the frequency correlation function ROM, the mold of the frequency correlation function 
corresponding to the assumed delay profile is contained. The example of the delay profile assumed to 
drawin g 5 is shown. An axis of ordinate is dB display and, for a triangular wave and 23, a characteristic 
wave (EXP (t) mold) and 24 are [ 2 1 / a square wave and 22 ] a characteristic square wave (EXP (t2) 
mold). It is shown. 

[0017] ** Calculate the mold of a frequency correlation function and the value of a delay spread which 
are best in agreement with the frequency correlation value acquired by ** based on the mold of the 
frequency correlation function of ** with a delay spread calculation vessel. The correspondence relation 
between the mold of a frequency correlation function and the measured frequency correlation value is 
shown in drawin g 6 . In this drawing, the delay profile of the frequency correlation value from which 3 1 
was obtained by measurement, 32', and 32" is the frequency correlation function of a characteristic 
wave, in the case of 1 or 2 microseconds, 33' and 33" are the same and, in the case of a square wave, the 
delay spread of a delay spread is the case of 1 or 2 microseconds, respectively. 
[001 8] Although the frequency correlation function shovra in this drawing is only the case of a 
characteristic wave and a square wave, the mold of other frequency correlation functions is considered 
the same way. Thus, about the mold of each frequency correlation function, the value of a delay spread 
is changed, tiie measured frequency correlation value is compared and the frequency correlation function 
and delay spread which are best in agreement are determined. It is presumed that the value of this delay 
spread is the delay spread of system of measurement. In the example of this drawing, the case where a 
delay spread is set to 2 microseconds with the frequency correlation function in the case of the delay 
profile of a square wave is best in agreement. A delay spread is presumed to be 2 microseconds from 
this. 
[0019] 

[Effect of the Invention] In the conventional delay spread presumption, when a delay profile was an 
exponential function, and the presumed error separated from the exponential function in min, the 
presumed error increased, but since it constitutes from this invention so that it may be coped with by 
having a frequency correlation function supposing two or more delay profiles, even when a delay profile 
separates from an exponential function, there is an advantage said that a presumed error does not 
increase. 



[Translation done.] 
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